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rapidly, and after accepting the probability that in some was 
or other the earth and atmosphere have received conipensatine 
accretions slowly by the fall of meteorites without a n  appreci- 
able increase of teniporature, he proceeds to work out thie 
idea more in detail, finding many analogies in the present 
condition of the moon. I n  general, our atmosphere was de- 
rived from the interior of the earth, hut after the earth had 
reached the requisite size, it would be supplementecl by the 
collection of wandering gases. All this, of course, took place 
while the temperature of tlie surface was above that  of h i l -  
ing water and before the ocean, as siich, conld exist. The 
combined mass of the atmosphere and the ocean are little 
more than A t  that  time the 
matter that  now constitutes an  earth of average specific 
gravity 5.6 was EO swollen by heat as to have an 8verage of 3.5. 
If we consider this mass as simply contracting to its present 
dimensions, the corresponding fall of each particle to\vard 
the earth’s center would, by the conversion of gravity into 
heat, be capable of raising the whole mass to a temperature of 
6,560° C., or far above the average melting point of rockson the 
surface. Whether or not the earth and atmosphere ever went 
through this particiilar stage in progressive self-condemntion, 
it is a t  least probable that  something like that  must have 
gone on in connection with the formation of the oceau de- 
preesions and continental elevations and the subsequent great 
crumplings and crushing8 of A r c h ~ a n  ages. 

The mountainous wrinkling of the crust in Post-Cambrian times is 
now going on in this epoch ingentle earthquakes. * * * There does 
not, therefore, seem to me any firni ground, even on current theories of 
the earth’s origin, for insisting on the acceptance of the doctrine of a 
vast primitive atmosphere, as the great reservoir from which snbse- 
quent abstractions have been chiefly taken. I think we are free, there- 
fore, to assume just such a Paleozoic atmosphere as the life and 
deposits of that time seein to imply, interpreted by the phenomena of 
to-day. Such an interpretation seems to me to indicate contlitions not 
radically dissimilar to those of the recent geological apes; warm climates 
in high latitudes at times, colder climates in lower latitudes at times, 
moktiire at times, aridity at times, and like oscillations. This view 
carries with it the necessary corollary that the atmosphere has been 
suppliedby accessions in some new proportion to its losses. 

The author then gives some plausible reasons for the fluc- 
tuation in supply and exhaustion of the atmosphere ; aniong 
these it is noticecl that  when a general uplift of the crust oc- 
curs the area of the ocean is diminished and the area of high 
laud increased with an  increase of the atmospheric exhaus- 
tion or impoverishment, so that, in general, atmospheric pov- 
erty lags soine distance behind the stages of general elevation 
and vice z ’ c I ’ ~ .  The author also assunies that  atmospheric 
poverty, especially in the critical item of carbon dioxide is 
correlated with low temperatures. Tyndall suggested that 
carbon dioxide had a peculiarly powerful influence in ahsorh- 
ing solar radiation, and Arrheniue has lately computed nh:it 
degree of depletion of the carbon dioxide at present i n  t he  
atmosphere wodd bring about the glaciation kuown to have 
prevailed in Pleistocene times. He finds that the removal of 
38 to45 per cent will do this and that, on the other hand, an 
increase of two or three times its present value would pro- 
duce the mild temperatures of the Tertiary times. But the 
elevation of a continent, the resulting glaciation arid diminu- 
tion of forests, or other plant life, eventually checks the ab- 
sorption of carbonic acid gas, and by leaving more of i t  in 
the air, coutributes to warm the atmosphere and check the 
glaciation. We have, therefore, an alternation of cold and 
warm periods due to the interaction of elevation and carbou 
dioxide. 

of the mass of the earth. 

Meteorologists and climatologists will certainly be pleased 
to find geologists agreeing that  the climatic peculiaritiea of 
Pleistocene and subsequent ages were due to an atmosphere 
similar to tha t  which now envelopes t,he earth ; that  oceans 
and W R ~ ~ R ~ J ~ E  in those day8 were not so greatly different 

from the present dayland that the great climatic changes re- 
quired to cover the interior of the United States and Canada 
with a vast glacier similar to that which now covers Green- 
land, inay have been brought about by a redistribution of 
highlands and lowlande. The prohlems of geological climat- 
ology are thus brought within the realm of the modern 
climatologist. The argumen ts that apply to existing climates 
will also apply to those of earlier eras. When we can ex- 
plain why i t  is that  glaciers are now formed in Greenland but 
not in our Lake region then we shall he able to state the con- 
ditions under which formerly glaciers were formed ~ I I  the 
Lake region but not in Greenlancl. To the Editor these seem 
to he merely qiiestioiis of aerodynamics. 

Given a certain distribution of highland, lowland, and 
ocean over the whole ertrth’s surface, we hope eventually to 
he able to deduce the resulting climatic peciiliarities, and to 
show that very slight chailgm in ~ ~ c e a n s  and continents have 
produced all the variations of geological climates, and that  
little or nothing need be hypothecated as to the variations of 
solar heat, of atmospheric gases, of terrestrial latitudes, or 
the many other cliniatological elements. --- 
BAFLOMETRIC READINGS CONVERTED INTO STANDARD 

PRESSURES. 
I n  tlie Annnal Report of the Chief Signal Ofticer for 1881, 

pages 1126-1137, will be found a study of the corrections to 
the standard mercurial barometer of the Signal Service, in 
which in s t r iini en t E 11 g I i s h sc nl es and Fa11 ren hei t t h er 1x1 onie-, 
ters are used. I n  this work i t  was proper to assume that the 
temperature of the lwase scale and that  of the mercury inside 
of the glass tuhr might differ appreciably, possibly IJY several 
degrees. Therefore thernionirters were 60 placrcl as to give 
each vf these temprratilres sepnratrly. Two tables were coni- 
piitc.tl, which were pilhlished a t  the close of the article referred 
to. hy i i iean~ of which the correction f u r  temperature of the 
scnlr niight he ohtained and applied indepdndently of the cor- 
rection for the tempt~rature of the mercury. 

Iir using these and similar tahles of corrections, it is as- 
sumcd that the zero of the scale is precisely a t  the rncl of the 
ivory point to which the mercury is adjusted in the cistern of 
the t)aroineter, 80 that, for institncc~, SO.500 011 the brass scalr 
really tnraiis that  exact iiunil~rr of apparrnt inches on a hrass 
scale whose cortlicirnt of expansion for lo F. is 0.0001043 of 
the ohserved length. It is also assunied that the average 
temperature of the scale I S  rsactly known by inrang of sev- 
eral thrrnic inirters, if  lleed he, whose individual errora have 
Lieen allowed for. It is furthermore asslinled that  the brass 
scale is of correct standard letigth only when its temperature 
is f i 2 O  F. If h” is the observed scale readiug or “apparent 
length,” and t” is the observed temperature of the scale, then 
the correction for the reduction of the scale to s t a d a r d  
length is conipiited hy the formula: 

Correction = 11‘’ ( t ” -  (P) 0.0001043. 
This f ~ r n i u l a  is represented IJY the following abstract of 

Talile I : 
TABLE I. 
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Having corrected the Irrasa sc,ale reading so as to get the 
height of the mercurial coluiiin in staudard inches, we must 
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IIOW correct this latter height for the influence of the tem- 
peratlire of the'mercury on its  density. The density of mer- 
cury a t  the melting point of ice, or 32OF., is adopted as the 
standard, and the correction that  we now need is computed 
bv the formula: 

40. .... -0.@2.j9 

w. .... -0.Og:! 50 .....I -0.0536 

(t ' -  3 2 O )  0.000101 Correction = - h' -~ 1 + ( t ' -  320) 0.ooOmi 

-O.O.?.IF 
-0.0454 
- 0 . m  

.................................... n:, 
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5 0 0 .  ....................... 
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These two tables may he coinbined into one if  the temper- 
atures of the scale and the mercury are identical. 

After these two corrections have been applied to the. 
original scale readings, the next etep is to correct for the i i i -  
fluence of capillarity, imperfect vacuum, erroneous density 
of mercury, error i n  zero of scale, and other instrumrntd 
matters. All of these are minutely investigated before nsiiig 
the so-called normal barometers, mch as those a t  the Iiiter- 
national Bureau of Weights and Measures a t  Sevres, npar 
Paris. but it would be inipossible to study them in such de- 
tail a t  every meteorological station, therrfore, before using 
any station barometer, i t  is compared with these inter- 
national normals, either directly or through an intermediatr 
portable barometer. Such comparisons give a small correc- 
rection that  sums up all the constant outstanding differences, 
and which ie known in the Weather Bureau as the corm.tin)r 
.for instrume)itd ewor  aut! capillarity, or more properly, the 
r.nn.stnnt correctiou as distinguished from the variable ones 
tha t  depend on pressure, temperature, and time. It is also 
known as the reduct ion to  Kew, or to  TVaiLshington, or t o  Scvrt~i, 
according as one or t h e  other is adopted as  standard. 

After applying this small coiistaiit correction, as well as 
the two above-described corrections for temperature, the 
result is called the apparent barometric pressure, viz, the 
pressure of the atmosphere as measured by the true height 
in standard English inches of a column of niekury having 
the standard temperature of 3 Y  F., and whose weight or 
downward pressure is tha t  due to the local force of gravity. 

It mould be more in accord with oiir ordinary methods of 
measuring pressures if we should express the atmospheric 
pressure in pounds per square inch, as we do the steam pres- 
sure in an engine boiler ; a t  spa level our atmospheric pres- 
sure varies between 14 and 16 pounds to the square inch, aiid 
the height of the barometer varies in a corresponding man- 
ner between 25 and 31 inches; even although we speak of a 
pressure of 30 inches, pet i t  must always be rememGered that  
we mean a pressure of about 15 pounds to the square inch. 
or one tha t  will snstain a column of mercury 30 inches high. 

The elastic force or the pressure oE steam withiu the boiler 
depends upon its temperature, and for the same teiiiperature 
the pressure mould be the sanie, no matter whether the boiler 
were a t  the North Pole or a t  the equator. The pressure of 
the wind depends upon the velocity and the density of the 
air. I n  all meteorology we measure velocities, rainfall, and 
temperatures by standard measures which are the sanie the 
world over, but when i t  conies to atniospheric pressure we 
have too long allowed ourselvee to retain the custom intro- 
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duced by Torricelli aud measure it by the height of a cylindri- 
cal column of mercury, whose pressure a t  the bottom is its 
total weight, which must vary with the force of gravity, 80 
that  30 inches of mercury a t  the equator means a less pressure 
per square inch than 30 inches a t  any other latitude up to 
either Pole. If we wish to express pressures in a uniform 
standard measure, or as we ordiiiarily say in standard units, 
we must pass from apparent to true pressure by allowing for 
the difference between the local force of gravity and some 
adopted staildar(1 value o f  that  force, such as its value a t  sea 
level and at the latitnde of 4 5 O .  We might measure pressure 
IJY using sonie barometric apparatus, such as the aneroid 
barometer or t h e  thernio-hypsometer, whose indications are 
not affected by gravity, hut if we m e  the mercurial barometer 
then its readings must be corrected for gravity, that  is to 
my, they must be reduced to standard gravity. The reduc- 
tion necessary, 011 account of the variation of gravity wi th  
latitude, may be ohtained from tables p~ihliehed by the Inter- 
national Rleteorolo,oical C'omniittee of which tlie followiiig 
T:il)Ie 111 is :HI abbreviation: 

T.4BLE 111. 

Latitude. 
(N. or 5 . )  

Relative force 
<if gravity. 

Reductiou of mercurial ba: 
rometer to standard 

gravity. -- 
L3.0 

~~ 

Inch. 
4 . 0 7 5  
-0.oi1 
- 0 . w  
-0.0:?8 
-1J.013 
tn.013 + 0. Ii3R 
$0. nm 
+0.07 I 
+0.074 

. 
31.0 

Inch. 
-0.Opa 
-0.oi6 
-0 062 
-0.040 
-0.014 

g::: 
$0.062 

+O.oSO 
+0. 0% 

Biit the force of gravity nleo diminishes slightly as the nlti- 
tude increases ahove the earth's surface. Coiiseqnclntly a t  
great altitudes any given height of the mercurial colurnii cor- 
respoiids to a pressure that  would a t  een level I JP  measured by 
n somewhat shorter column. If ,  therefore, we measure atnios- 
pheric pressure thy means of the height of a column of mer- 
cury we must add a second slight gravity correctioii for the 
height of the barometer aI)iwe tlir sea level, iiud this correc- 
tion is also expressed in a table o f  the international collec- 
tion, of which the following is an abstract: 

TABLE IV. 

Barometric pressure. 

18iuches.'31 iuches.124 iurhas.l~luches.'30inches. 
Altitude of station. 

' Inch. 1 Inch. 1 h c h .  Inch. I Inch. 
1.Wfeet  ................................................. -0.001 -0.03'2 -0.W 
j,Wfeet ....................................... -0.007 -0.007 -0.008 .......... 
I0,oO f e e t . .  .......................... -0.011 -0.013 .............................. 

I __._ 1 1 1 ~~ 
I 

In general, it will be seen that  a t  low altitudes and for or- 
dinary pressures this small correction amounts to about 
0.001 for every 500 feet of altitude, hut is only one-half of 
this amount when the altitude has attained 10,000 feet. Cou- 
sidering the'worlcl a t  large we may say that  the corrections 
for gravity depending on latitude and altitude amount to 
almut one-third as much as the corrections for the tempera- 
tiire of the mercury and the brass scale respectively. 

We now have true instead of apparent atmospheric pres- 
sure exprrssed i n  inches on a system that is uniform, no mat- 
ter what the lirtitude, altitude, or temperature, and if we 
wish to convert these inches into the more appropriate terms 
'' pounds to the square inch " we h a w  only to multiply them 
by 0.4906, which is the weight in pounds of a cubic inch of 
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mercury, whose tempereture is 33O F. Coneeqnently a pres- 
m r e  of 30 standard inches correeponds to a weight under 
standard gravity of 14.718 ponnde to the square inch. If 
measurements by the mercurial barometer are always cord 
rected for the variatioiie of gravity, and. then converted hy 
means of this latter constant factor, we shall ohtaiu true 
pressures in pounds per square inch that  are directly com- 
parable with each other, no matter where the barometer may 
be located. 

NOTES FROM THE JULY REPORTS OF THE CLIMATE 
AND ‘CROP SECTIONS. 

ARIZONA. 

This is one of the most interesting States from i t  meteoro- 
logical point of view. For many yenrs the low pressure dur- 
ing the sunnner niout l~s  mas tl conundrum that  seemed im- 
possible of explan:ition, hut now we have every reasoli to be- 
lieve that  Arizona ninst be regarded as lying nt the northern 
estremity of a narrow region of low pressure that  extends 
from the equatorial Pacific northward over the Gulf of Cali- 
fornia: as sooa1 tis this was macle clear it was seen that  the 
low pressure i n  the summer a t  Yuma was not a local sttiticid 
phenomenon but a par t  of the general feature due t(J the 
dynamics of the atmosphere, and depending, therefore, upon 
the winds and upper currentr;l in the air. As this area of low 
pressure shifts i ts  position slightly there occur local storms, 
but both the shifts and the local storms must be consiclered 
as the results of atmospheric changes going 011 at a consid- 
erable distance. For instance, on July 13-14 pressure was 
low i n  Arizona ~ n c l  the Gulf of California, while i t  wis high 
on the coasts of California and Oregon. These conditions 
resulted in cloud-bursts and other local storms rpported on 
the 15th and the mind and ~~1111 storms with light rain 011 the 
16th. In  general a flow of air snnthward through Arizona 
means a descent from high plateaus to sea level, which usually 
brings warm, dry clear wenther to tlie lowlands. The present 
month, however, was normal AE to temperature, with rainfall 
slightly in excess. 

CfEoRGTA. 

On the 1st a t  Marietta heavy thunder came from an almost 
cloudless sky, then a sinall cloud appeared and in ten miiiutee 
hail was falling. This is a pretty illustration of thr origin 
and growth of local stornis. Oiie can scarcely doubt but that 
t h i s  small cloud grew in ten minutes to he a large one hy vir- 
tue of the rapid ascension of a large mass of air, n n t l  t l i c  
equally rapid descent of a similar mass in some n ~ i g l i l ~ ~ ~ r i n g  
region. 

A similar purely local storm occurred on the 23d a t  At1ant:i 
where 4.32 inches fell i n  two honrs, and half ot that  in forty 
minutes. The storm was purely local, so that  points a milt 
or two from the city had comparatively little rain. Although 
the storm is said to have moved from southwest to northeast 
yet, i t  would seem from this to have scarcely niored a t  a11 
I n  fact  there are so many similar cases on record that   on^ 
can not doubt but that  very often a niass of muist air  ascend. 
ing nearly vertically carries up  not only the moisture that  is t r  
be condensed and fall as rain, but an additional inass that  as. 
cends a little farther, then overflows and suhsequentlydescendc 
as dry air. It may he difficult to explain why shch a streani 
of ascending air  should remain within a mile or two of being 
stationary for two hours but, in general, we may say thai 
under mens of high pressure the general horizon tal more 
ment is so gentle that  if a niuss of moist air  once acquires ~i 
decided tendency to riee there is no special reason why it 
should not ascend vertically followed by other air in tht 
same line of flow and constitute a complete vertical circnla. 
tion of ascenh aiid descent. A remarkable illustration of thi6 
agme character occurred in August, at Washington, D. C. 

ILLINOIS. 

But twelve etations reported more than 2 inches of rainfall 
)n any one day during the month and those mostly in the 
3outhern districts, therefore, when Elgin reports a very violent 
thunderstorm on the evening of the 19th, with some symptoms 
3f a tornado, and yet measured only 0 043 inchre of rail), we 
itre constrained to note that  the expression “ very violent 
thunderstorm ” seems to us rather misleading. The promi- 
nent characteristics of tlie thunderstorm niay he either light- 
ning, thunder, wind, hail, one or all of these. It would be 
more precise if OUP could make the entry read thus: “Storm 
with violrnt wind,” or “ with heavy rain,” or “ with excessive 
lightning and thunder.” The Int~rnatioiial  syslem of sym- 
I d s  cniild also be applied with clearness and economy of space, 
thus: “ Storm on the lSth., lightning’, thunder2, rain’, hail’, 
wind’.” Here we have all the nietenrological phenonieiin 
briefly rrcordrd with as much accuracy as is ordinarily called 
€or. (See the Internatioiial hIetrorologica1 Symbols on page 
31  1, o f  this nnm her cnf the RloNTHLT LVEATHER REVIEW.) 

IOWA. 

An rstraord iiinry rai nfall, continuing three hours and 
iinouiiting to 12 or 1:; inches, is reported at  Blanchard, on 
July ti. Blanchard is in Page County, i i i  the southwestern 
Joiner of t,he State, and this record harmonizes with the report 
From Missouri for the stline nfternoon and evening, except only 
that the highest mensurement was 8.15. There seems to hare 
hern a tendency to very heavy rain lwst of Iowa and Missouri 
in  Nebraska and I<ansas, as shown hy the morning weather 
map of that date. The surface winds had been flowing from 
the southeast for two days and the general features of the 
maps for July 6-7 illustrate a principle thtit bas  been re- 
marked ever since the first siimnipr of study of the daily 
weather map, namely, that  the flow of air from the south and 
east can not carry moisture u p  the western plaiiis to a height 
of 1,000, 2,0@0, or 3,000 feet without heing followed hy severe 
local rains in the eastern portions of Indian Territory, Kansas, 
arid Nebraska, and thr  western portions of Arkansas, Missouri, 
and Iowa. Somewhere in i ts  gentle ascent this air must flow 
over on itself, which overflow is stimulated hy the sun’s action 
in heating the grouiid and lower stratum of air. 

The Iowa repnrts are always full of interesting reading 
nintkw. We note ainong other things a short extract from 
Mr. E. J. Prindle’s article on weiLther forecasts, who says: 
“ The first attempt at  bcientific fnrecasting of the neatlier 
wts the result. of a storm wliicli during the Crimean war, 
November 11. 1854, almost destroyed the fleets of France and 
Englmd.” The Editor niay remark that the distinguished 
French astronomer, Leverrirr, gives some account of the in- 
auguration of daily telegraphic hulletins and weather predic- 
tions in France in the historical introduction to the first vol- 
ume of hie Atlas of the Cfeneral hlovenients of the Atmos- 
phere. In hr was one of thr most active astronomers 
of the w o r l d .  hut : k t  t h a t  time the Paris Ohservatory busied 
itself only with its own local inet,eorological ohservations as  
a single station. It was Leverrier WhtJ noticed the appareut 
bodily movement of the storm in the neighborhood of the 
Crimea, in November, 1854, and who spoke o f  it to the Minis- 
ter of War, Marshdl Vaillant. thereby leading the latter to 
ask him, as the foremost scientist of the French Government, 
to investigate that  storm, and eventually to organize a t  the 
observatory a bureau for the collection of weather telegrnnis 
and the prediction of storms. In February, 1855, Lererrier 
snhmitted definite proposals for thie ohject, and his system 
of daily bullrtius for French stations only, hegaii in 1856. I n  
1858 this bulletin assumed the form of a regirlar public a t,’ ion. 
and was eventually extended so as to cover the whole of 
Europe, aiid becanie the Bulletin International. A fir& 


